Striking and pronounced growth responses to the gibberellins as plant regulators and hormones are well known and readily produced in suitable plants. It was our purpose to study the effects of such growth responses on the concentrations of plant lipids and on the concentrations of antioxidants that are synthesized in plants. Growth At the time of harvest very little was left of the cotyledons and they were discarded. The shoots were separated from the roots by cutting at the cotyledonary node. Shoot height was measured in centimetres from above the first true leaf to the tip of the youngest leaf. The number of plants which bore visible flower buds were counted for each group and the individual shoots were weighed separately. The roots were washed free of sand with water and blotted dry, and the pooled roots from all plants of a single experimental group were weighed as one sample.
containing iron as an EDTA complex. The pH of the solution was adjusted to 6-0-6-5 with NaOH or HCI.
The At the time of harvest very little was left of the cotyledons and they were discarded. The shoots were separated from the roots by cutting at the cotyledonary node. Shoot height was measured in centimetres from above the first true leaf to the tip of the youngest leaf. The number of plants which bore visible flower buds were counted for each group and the individual shoots were weighed separately. The roots were washed free of sand with water and blotted dry, and the pooled roots from all plants of a single experimental group were weighed as one sample.
Chemical. Four pooled samples were obtained from 30 plants of each variety: control shoots, treated shoots, control roots and treated roots. These pooled samples were weighed to obtain the fresh sample weight. The samples were put separately in 1 quart fruit jars with about 1 pint of propan-2-ol at near-boiling point. The jars were then autoclaved at 820 for 35 min. with the solvent simmering.
On removal from the autoclave, additional solvent was added to the jars to cover the plants completely. The jars were then tightly capped and refrigerated at 4°.
The lipids were extracted from the plant samples by transferring the jar contents to a Waring Blendor and extracting with hot propan-2-ol and chloroform as described by Kates & Eberhardt (1957) except that three grindings in the blender were employed instead of two.
The extracted non-fat residues were dried overnight in an oven at 850, cooled in a desiccator and weighed. These residues were then ground in a Wiley mill with a no. 20 screen to prepare the samplesfor subsequent analysis. There appeared to be very little sand in the root specimens.
The non-lipid residue was analysed for nitrogen (Ma & Zuazaga, 1942) and for two carbohydrate fractions. The samples were first extracted with water to remove soluble sugars and filtered through sintered glass, and then the residues were refluxed with 1-ON-HCI for 4 hr. and again filtered through sintered glass. The filtrates were analysed for carbohydrate by using the anthrone reaction. This procedure will include readily hydrolysable pentosans as well as starch, but will not dissolve cellulose, lignin and most structural carbohydrates.
The lipid extracts were evaporated to small volume under reduced pressure in a warm-water bath. The lipids were taken up in chloroform-methanol (2:1, v/v), and these extracts purified by the procedure of Folch-Pi, Ascoli, Lees, Meath & LeBaron (1951 For analysis an ampoule was opened andthe contents were diluted to 100 ml. with chloroform. Separate samples were taken for determination of: (a) total extractable material, gravimetrically; (b) amounts of lipid classes by silicic acid chromatography (Luddy, Barford, Riemenschneider & Evans, 1958) ; (c) lipid phosphorus by wet digestion with sulphuric acid and hydrogen peroxide followed by colour development by the method of Fiske & Subbarow (1925) (1947) , and also by the phosphomolybdic acid reaction used by Nair & Magar (1954 , 1956 as modified by McCormick, Cornwell & Brown (1960) . In both procedures (+ )-a-tocopherol served as a standard.
RESULTS
The plant-growth results are given in Table 1 Values from chemical and chromatographic analysis of shoot lipids are given in Table 3 . The major differences between control and treated groups were in the carotene, and phospholipid and pigment components. Since lipid phosphorus values were not changed by treatment, the diminutions in shoot lipids given in Table 2 are thus accounted for principally by diminutions of carotene and other pigments. Digitonin-precipitable Liebermann-Burchard-positive sterols as determined were substantially less in amount than chromatographically determined sterols. The toco- (Moore & Baumann, 1952; Idler & Baumann, 1953) to the LiebermannBurchard reagent. Free sterols of neither shoots nor roots reacted in this manner. The fast-reacting sterols obviously were not produced as artifacts during the saponification step of the total sterols since the reaction was not given by total sterols from roots. The fast-reacting sterols were thus shown to be localized in the sterol esters of the shoots. Frantz, Dulit & Davidson (1957) reported that fast-reacting sterols in rat-skin lipids were distributed in very much the greater proportion as esters. From these similar independent observations in both plant and animal tissues it is concluded that occurrence as esters is a general phenomenon for fast-reacting sterols and that esterification must be intimately related to their metabolism.
Our findings in treated plants of decreased root weight and reciprocal changes of nitrogen and carbohydrates are in accordance with findings reported by Brian, Elson, Hemming & Radley (1954) . These workers also reported chlorosis as an effect of the treatment, and this is borne out by diminutions of carotene and other pigments in the study reported above. Dahlstrom & Sfat (1961) have listed responses of plants to gibberellic acid as: alteration ofcarbohydrate constituents, decrease of chlorophyll content, dislocation of nitrogen metabolism, promotion of respiration in seeds, variation in the activity of certain enzymes and reversal of inhibition by maleic hydrazide. Stowe (1961) reported efforts to study pea lipids in situ, in the hope of determining whether the activation of hormones by lipid substances is a natural method of growth regulation. SUMMARY 1. In studies with three varieties of pea plants, treatment with gibberellic acid resulted in several growth changes. Height increases in shoots were accompanied by weight decreases. Root weights were markedly decreased. The flowering of plants was inhibited.
2. Total extractable material was decreased in concentration in treated shoots and increased in treated roots. In shoots decreases were accounted for by decreases of carotene and other pigments.
In roots all lipids were increased. A number of lipid substances in the total extractable materials were measured. 3. Protein concentration was decreased in treated plants and carbohydrate fraction concentrations were increased reciprocally.
4. The esterified sterols of the shoots exhibited fast-reacting characteristics to the LiebermannBurchard reagent.
